Phototaxis is a light-oriented locomotion found from bacteria to marine invertebrates. In many species, the photoreceptors are molecules of rhodopsin, a protein made of seven α-helical structures embedding a chromophore. Light absorption by the rhodopsin chromophore is transduced to modulate cilia motility and, finally, to alter swimming direction of the micro-organisms. Interestingly, it is well established that rhodopsin is endowed with holographic recording properties. Thus, it may be hypothesized that holographic recording of patterns of light coming from the surroundings play a role in the phototactic behaviour. Such putative functions of rhodopsin in the living organisms might be studied by technological tools, similar to those already used to investigate the holographic recording properties of artificially made rhodopsin material. Moreover, phototaxis mediated by rhodopsin might offer a relatively simple paradigm for searching so far unknown holographic-quantum-processes putatively associated with memory and learning of higher living organisms.
Introduction

Photoreceptive rhodopsin mediate locomotion driven by light
Phototaxis is a type of locomotion driven by lightstimuli. This behaviour is widespread from bacteria to marine invertebrates, such as sponge, cnidarian or polychaete larvae (Jekely, 2009; Foster et al., 2011) . The light is captured by photoreceptive proteins, often located in the vicinity of an eyespot apparatus (Sineshchekov et al., 2002 , Jekely, 2009 ). This eyespot, made of lipid globules containing carotenoid pigments (Jekely, 2009) , can modulate the photoreceptor illumination during the helical swimming of the micro-organisms (Sineshchekov et al., 2002; Jekely, 2009) . Among these photoreptors, rhodopsins, which exist in different forms encountered from prokaryotes to mammals, have been extensively studied (Jekely, 2009; Foster et al., 2011) . The process of phototaxis begins with light absorption by retinylidene chromophores embedded in the seven transmembrane α-helical structures of the rhodopsin molecules (Spudich and Sudich, 2008) . This triggers phototransduction reactions specific of the rhodopsin type actually present. Schematically, type I rhodopsins function as light-driven ion pump or light-gated ion channel, whereas type II rhodopsins transduce light stimulus via GTP-binding proteins (Jekely, 2009) . Depending on the case, phototransduction leads to Ca++ influx or protein phosphorylation in the vicinity of locomotor systems, such as cilia or muscle fibers (Sineshchekov et al., 2002; Spudich and Spudich, 2008; Jekely, 2009 Rhodopsin molecules do have properties of efficient holographic recording A molecular form of rhodopsin found in the bacteria Halobacterium halobium was extensively studied for different technological applications (Tökes et al., 2000; Barnhart et al., 2004; Chan et al., 2004) . This protein is a photon-driven proton pump. Absorption of photons by bacteriorhodopsin entails pumping of proton through the cell membrane and formation of a proton gradient which provides energy for the bacteria. Bacteriorhodopsin was proved to be dotted with efficient properties of holographic recording material. Studies of absorption spectra of the molecule revealed its photocycle, characterized by a cyclic succession of changes in conformation and, hence, in absorption spectra. The particular photocycle of bacteriorhodopsin is the basis for promising devices of programmable opto-electronic analogic computers (Tökes et al., 2000) . Various forms of rhodopsin are used for retinal prosthesis or for opto-genetic experiments. For example, specific populations of neurons were genetically modified to express channelrhodopsin-2. Then, appropriate laser light application can stimulate the activity of these modified neurons without any electrical stimulation (Shoham, 2010) .
Do plankton micro-organisms record light patterns of their surroundings through holographic processes mediated by rhodopsin?
Knowing that rhodopsin is a highly efficient holographic material, this molecule might be also responsible for so far unknown holographic properties associated to phototactic behaviour or even to other phenomena (Anglade and LarabiGodinot, 2015) . Since groups of rhodopsin molecules are found in the unicellular organisms and in the sensory cells of planktonic larvae, it is not unfounded to address the question whether a similar unexplored holography-mediated process may be present in these species. From this point of view it is interesting to recall this following sentence: "if we accept a broad definition of vision as the capability of an organism to sense spatial patterns of light in its environment and to use this information to modulate its behaviour, then unicellular microorganisms contain the simplest visual systems." (Spudich and Spudich, 2008) . For cnidarian and polychaete larvae, feeding needs recognition of micro-organic preys by sensing chemical or light stimuli coming from their environment. In this case, photoreception might be preponderant since micro-plankton is concentrated at the surface of the sea. Hence, successful prey hunting is more probable in the zone of high light intensity. This entails predators to swim along increasing gradients of light. This motility may be satisfactorily explained by the light sensitivity of rhodopsin leading to proper alteration of swimming direction. However, recognition and approach of micro-organic preys might be mediated, among other phenomena, by recognition of recorded spatial patterns of light corresponding to the presence of preys in a close vicinity. In that case, holographic recording of stimuli coming from surroundings might be assumed by rhodopsin molecules. These patterns might correspond to elementary images of the surroundings recorded in a prototype of memory.
Rhodopsin as a paradigm for studies of quantum particles-mediated processes in the nervous system? Investigations on the putative holographic properties of rhodopsin molecules present in receptor cells of planktonic organisms are not beyond the field of the technological tools used today.
Among promising experiments, photoelectron patterns have been already recorded to obtain a holographic image of an ionized atom (Huismans et al., 2010) . Moreover holographic properties of receptor proteins, such as rhodopsins, could be tested by absorption spectroscopy driven by laser stimulation (Berera et al., 2009) . Since bacteriorhodopsin films have highly efficient holographic properties, it may be hypothesized that rhodopsin molecules present in phototactic procaryotes or eucaryotes similarly mediate holographic processes. These rhodopsin molecules might even represent a suitable and accessible in situ or in vitro model for investigating the putative presence of holographic recording processes in the living organisms. Such holographic recording by specific receptor proteins were proved in living organisms, it might renew our knowledges on basic biological processes, such as phototaxis but also, more generally, learning and memory. Here, it is worth recalling that rhodopsin molecules share structural and functional analogies with neuro-receptor proteins (Foster et al., 2011) . Therefore, as already stressed (Tarlaci, 2011; Anglade and LarabiGodinot, 2015) , it appears of first importance to study the putative role of quantum phenomenaamong which holographic processes -in the basic functions of the nervous system in the living organisms.
